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NOTICE 


When  KOVvrnm«nl  drawing*.  Hpvcilicttlion*,  or  other  da  (a  are  u*ed  for  any  purpoMc  other  than  in  connection 
with  a  definitely  related  government  procurement  operation,  the  United  State*  Government  thereby  incur*  no  reaponai- 
bitity  whatsoever;  and  the  fact  that  the  government  may  have  formulated,  furniahed,  or  in  any  way  auppliod  the  said 
drawings,  specifications,  or  other  data,  bt  not  to  be  regarded  by  implication  or  otherwise  a*  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use.  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto.  This  report  is  not  to  be  used  in  whole  or  in  part  for  advertising  or  sales 
purposes. 


ABSTRACT 


A  0.5  pcf  polyimide  flexible  foam  developed  by  Solar  Turbines  International, 
Division  of  International  Harvester  Corp.,  was  evaluated  for  cushioning  and 
flammability  characteristics.  The  results  showed  that  the  dynamic  cushioning 
characteristics  were  equivalent  to  0,5  polyurethane  foam  at  72n?#  superior 
at  -40.  F  and  the  foam  has  improved  reusability .  When  exposed  to  a  flame  of 
a  bunsto  burner  the  polyimide  foam  was  considered  non-burning,  with  little 
smoke  immission  or  odor.  * 
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INTRODUCTION 


In  a  joint  effort  with  the  Navy  Logistics  Engineering  Group,  an  investigation 
of  non-f laramable  cushioning  materials  has  been  conducted  by  this  agency 
during  the  past  several  years.  The  flame  retardancy  test,  ASTM  D-1692,  of 
MIL-P-26514,  Polyurethane  Foam,  Rigid  or  Flexible,  for  Packaging  has  not  been 
considered  entirely  satisfactory  from  the  standpoint  of  realism  in  actual 
field  situations.  Recently,  Solar  Turbines  Intematlonal,Divlson  of  International 
Harvester  Corp. ,  San  Diego,  CA,  submitted  samples  of  newly  developed  polyimide 
foams  developed  under  contract  with  NASA-Johnson  Space  Center,  Houston,  TX. 

The  purpose  of  the  contract  was  to  develop  thermally  stable,  fire-resistant, 
low  smoke  emitting,  low  toxicity,  cost  effective  materials  for  aircraft  and 
spacecraft  intended  for  long  duration  flights.  The  polyimide  flexible  foams 
were  the  result  of  one  phase  of  this  development  program.  At  the  present  time. 
Solar  Turbine  International  furnishes  the  material  as  pre-foamed  cushioning 
material.  Investigations  are  being  conducted  to  explore  the  possibilities  of 
using  foam- in-place  packaging  techniques. 

This  report  presents  the  results  of  dynamic  cushioning,  creep,  compression 
set  tests,  and  a  selected  test  for  evaluating  the  flammability  properties  of  the 
foam. 

TEST  INSTRUMENTATION  AND  EQUIPMENT 

The  following  instrumentation  and  equipment  were  employed  during  this 
evaluation: 

1.  Oscilloscope,  Tektronic,  4  channel  storage.  Model  565B. 

2.  Accelerometer,  Statham,  Model  A5-100-350. 

3.  Amplifier,  Sensotec,  Model  RM-6. 

4.  Energy  Computer,  GHI  Systems,  Model  EC700. 

5.  Hardlgg  Cushion  Tester,  Hardigg  Industries,  Inc.,  Model  3. 

DYNAMIC  CUSHIONING  TEST  (72°F.  50%  R.H.) 

The  dynamic  cushioning  test  was  conducted  in  accordance  with  ASTM  Test  Method 
D-1596,  Dynamic  Properties  of  Package  Cushioning  Materials.  The  sample  sizes 
were  8x8x3  inches.  The  drop  tests  were  conducted  at  a  height  of  24  Inches. 
Five  drops  were  made  on  each  of  three  test  specimen  at  each  of  the  following 
static  stress  values:  0.066,  0.08,  0.1,  0.15,  0.2,  0.3,  0.4,  0.5,  and  0.6  psl. 

Test  Results:  The  test  results  are  presented  in  the  form  of  peak  acceleration 
static  stress  curves  in  Graph  1.  The  dynamic  cushioning  curves  from  MIL-P-26514, 
Type  II,  Class  2  (Flexible),  Grade  C  for  0.5  pcf  polyurethane  foam  is  displayed 
for  comparative  purposes.  The  polyimide  foam  is  within  the  requirements  of  these 
curves.  In  addition,  the  polyimide  foam  did  not  fracture  of  split  throughout 
t.ie  entire  0.066  psl  to  0.6  psl  range.  These  results  indicate  that  the  foam 
should  have  excellent  reusability.  The  0.5  pcf  polyurethane  foams  currently  used 
begins  to  fracture  at  approximately  0.15  psl.  Two  of  the  polyimide  specimens 
did  display  evidence  of  slight  permanent  deformation  after  completion  of  the 
0.5  psl  load  test. 
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DYNAMIC  CUSHIONING  TEST  (-4Q°F) 

Due  to  a  lack  of  sufficient  polyimide  foam,  it  was  necessary  to  use  the 
same  specimens  that  were  used  in  generating  the  data  for  Graph  1.  As  a 
consequence,  due  to  compression  set,  the  average  thickness  for  these  specimens 
was  2.70  inches  instead  of  the  normal  3  inches.  Five  drops  were  made  on  each 
test  specimen  at  each  of  the  following  static  stress  values:  0.1,  0.2,  and 
0.4  psi.  The  five  drops  at  each  individual  static  stress  value  were  completed 
in  rapid  succession  with  minimal  rest  time  between  drops.  The  specimens 
were  rested  for  a  minimum  of  two  hours  before  being  tested  at  the  next  higher 
static  stress  value.  Tests  were  first  conducted  at  a  temperature  of  72  F 
and  a  relative  humidity  of  50%.  Samples  were  allowed  to  recover  for  six 
hours  before  being  placed  in  the  cold  chamber  at  -40  F  and  conditioned  for 
16  hours.  Specimens  were  then  brought  out  of  the  cold  chamber  in  an  insulated 
box,  one  at  a  time,  for  a  series  of  free  fall  drops  made  from  a  height  of 
24  inches.  Five  drops  were  made  on  each  test  specimen  at  0.1,  0.3,  and  0,4  psi. 
The  five  drops  at  each  individual  static  stress  were  completed  in  rapid 
succession  with  minimal  rest  time  between  drops.  Samples  were  returned  to  the 
cold  chamber  for  conditioning  at  -40°F  for  a  minimum  of  two  hours  before  being 
tested  at  the  next  higher  static  stress  value. 

Test  results:  The  test  results  are  presented  in  Graph  2.  The  dynamic 
cushioning  curves  for  the  +72  F  data  is  presented  for  comparative  purposes. 

The  test  specimens  displayed  no  fracturing  or  splitting  throughout  the  0.1 
to  0.4  psi  range.  The  polyimide  foam  showed  the  approximately  the  same 
dynamic  cushioning  characteristics  at  -40  F  as  at  +72  F. 

FLAMMABILITY  PROPERTIES  OF  POLYIMIDE  FOAM 

Specimens  of  the  polyimide,  3x8x8  inches,  foam  were  exposed  to  a  4  to 
5- inch  high  flame  of  a  bunsen  burner  for  60  seconds.  The  specimens  were  then 
removed  from  the  flame.  There  was  no  burning,  smoking,  or  odor  from  the  specimens. 
There  was  approximately  15  to  20%  erosion  of  the  specimen  where  it  was  in 
contact  with  the  flame.  The  foamed  material  would  be  considered  non-burning 
from  the  results  of  this  test. 

DENSITY 

Density  of  a  sample  of  the  polyimide  foam  measuring  8x8x3  inches  was 
determined  IAW  Federal  Test  Method  Standard  No.  101B,  Method  4008  to  be  0.538 
pound  per  cubic  foot. 


CREEP  CHARACTERISTICS 

The  creep  of  three  samples  measuring  6x6x3  inches  was  evaluated  IAW 
Federal  Test  Method  Standard  No.  101B,  Method  2013.  The  average  creep  of  the 
samples  tested  was  10.5%  after  96  hours.  This  value  was  within  the  acceptable 
requirement  (15%  max.)  of  MIL-P-26514  for  polyurethane  foams,  flexible.  Type  II, 
Class  2. 


COMPRESSION  SET 


Compression  set  of  three  samples  measuring  6x6x3  Inches  vas  evaluated 
IAW  MIL-P-26514E,  paragraph  4. 5*3. 7,  The  average  compression  set  of  the  samples 
tested  was  5%.  This  value  was  well  within  the  requirement  of  15%  or  less 
compression  set  for  polyurethane  foam,  flexible.  Type  II,  Class  2  as  established 
by  MIL-P-26514E,  paragraph  3*V.2. 
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